also diffuse out of the rocks and from crushed ore; the miner gets exposed from breathing the mine atmosphere. Exposure to the general population occurs from indoor radon concentrations built up from the leakage of radon into houses from the geological materials in the ground and walls. The concentrations of radon and its daughters are heavily influenced by ventilation and by the presence of aerosols.
In 1879 Herting and Hesse reported the neoplastic nature of the lung disease among the miners in Schneeberg in Germany. Later, similar findings were reported from Joachimsthal in Czechoslovakia. For several decades the high mortality from lung cancer among these miners was thought of as a rare example of radiation induced occupational lung cancer. Today, however, several groups of miners have been shown to have a high incidence of lung cancer and with a few exceptions, coal mining and potash mining, for example, it seems as if underground mining involves an appreciable excess risk of lung cancer due to exposure to radon and its daughters. In various epidemiological studies the relative risk estimates are between four and 21, suggesting that about 70-90% of the lung cancers among underground miners might be due to occupational exposure to radon and its daughters. Although the environment in the mines may have a modifying effect on the lung cancer rate, there is an acceptable agreement in the risk estimates, when different mining populations are compared, the excess of lung cancer being closely related to the cumulative radiation dose.
In the early studies of United States uranium miners almost every miner with lung cancer was a smoker and there was clearly a multiplicative interaction between smoking and radon daughter exposure. Consequently, smoking was thought to be the major contributor to the risk of lung cancer. This pattern remained in a follow up of these miners until December 1977,' suggsting that only a small fraction of lung cancer in non-smokers was due to radon daughter exposure. Other studies, however, showed an additive effect between smoking and radon daughter exposure.2 In some studies the average latent period from start of mining until death from lung cancer was about 3-12 years shorter in smokers than in nonsmokers. This could indicate that the major effects of tobacco smoke are exerted in the later phases of cancer development and may be those of a promoter, radiation acting in the early stages as an initiator. There is experimental work supporting this view, which also gains support from the experience that the risk of lung cancer in ex-smokers, 10-15 years after cessation of smoking, is only slightly greater than that of non-smokers. This would lead to an expectation of a multiplicative effect between radon daughter exposure and smoking, as also seen in some studies of miners. Under certain circumstances, however, smoking may influence mucous secretion and cause hyperplasia of the epithelium in the respiratory tract, 721 722 thereby reducing the ability of the short range alpha particles effectively to penetrate to the basal cells of the epithelium and induce carcinogenic change. There is support for such a mechanism in an animal experiment in which smoking dogs developed fewer respiratory cancers than non-smoking dogs when exposed to radon daughters and uranium ore dust.3 Smoking miners are also known to have a relatively higher prevalence of bronchitis, which might perhaps explain why some studies have shown merely an additive effect between radon daughter exposure and smoking, for although the multiplicative effect might still obtain, the effective initiating dose may be reduced because of the increased mucous secretion in the respiratory tract, especially in populations from old dusty mines.
It has been suggested that the carcinogenic effect of radon daughter exposure may be restricted to specific histological types such as the small cell undifferentiated forms. This assumption seems to have been based on the early reports of the distribution of hitological types of bronchial cancer among uranium miners, indicating that the prevalence of oat cell and other small cell undifferentiated carcinomas (SCU) increased with increasing exposure to radiation in uranium mines. The appearance of other cancer types among uranium miners has now been reported with an increased incidence particularly of epidermoid cancers and adenocarcinomas.4 All three cancer types, SCU, epidermoid carcinoma, and adenocarcinoma, seem generally to be related to smoking. For miners at least the distribution of the various histological types of lung cancer may depend on a complex relation between smoking, aging, and latent period.
In many countries the inhalation of radon and radon daughters from indoor air constitutes a considerable part of the natural radiation dose. Low ventilation rates in modern homes tend further to build up the concentrations of radon and its daughters, and in view of the risk of lung cancer associated with the exposure among miners the presence of radon daughters in houses has become a matter of concern in several countries. In Sweden measurements made by various local and regional health authorities have indicated that the radioactivity in the ground is most important for the leakage of radium into the houses. Concentrations of radon and its daughters in houses may be surprisingly high, and in about 35 000 houses in Sweden the dose exceeds what is permitted in mines on the basis of a 40 hour week working time. Therefore, a lung cancer hazard is likely to be present and some epidemiological studies have suggested a relation between the concentration of radon daughter exposure in dwellings and lung cancer and a multiplicative effect with smoking.5
The quantification of adverse health effects is usually difficult and several reports have been compiled by national and international organisations in order to summarise the information obtained from different mining populations. Depending on the approach taken and the data selected a range of estimates may be extracted. This variation probably reflects in large part differences in the follow up time of the various populations and the lack of adequately age standardised risk estimates when comparing different mining groups. Many studies now indicate a risk of about 31-7 excess cases per MBqh/m3 and 10 person-years (20 excess cases/WLM/106 PY).6 This estimate is at least four to six times greater than it was estimated to be 18 years ago and suggests that a risk of lung cancer extends to and below the current standard in many countries of 1100 Bq/m3 (0-3 WL). Some theoretical estimates of the magnitude of the public health hazards have been made indicating that about 10-40% of the incidence of lung cancer might be due to exposure to radon and its daughters. These calculations have usually been based on the risk estimates from various mining populations and an assumption of a linear relation between dose and effect. Others state that the low dose effects have been overestimated and that the attributable risk of lung cancer from exposure to radon daughters in the general population is considerably lower, about 1-5%.7
Recently some provocative hypotheses have been raised regarding the role for radon in causing lung cancer8 and obviously further epidemiological studies are needed to elucidate more definitely the question of lung cancer and radon daughter exposure in the general population and the interaction between radon daughter exposure and smoking.
